A novel Gram-stain-positive rod-shaped actinobacterium was isolated from a soil conditioner made from poultry manure. The isolate, designated strain MN-6-a T , contained anteiso-C 15 : 0 and anteiso-C 17 : 0 as the major fatty acids, and MK-7(H 2 ) and MK-8(H 2 ) as the major menaquinones. Phosphatidylglycerol was a major polar lipid. The G+C content of the genomic DNA was 67.4 mol%. Phylogenetic analysis showed that strain MN-6-a T was closely related to Brevibacterium salitolerans TRM 415 T with 97.1 % 16S rRNA gene sequence similarity. DNA-DNA hybridization showed that strain MN-6-a T had 10.2 % genomic relatedness with B. salitolerans TRM 415 T . On the basis of phenotypic, phylogenetic and chemotaxonomic data obtained in this study, strain MN-6-a T represents a novel species of the genus Brevibacterium, for which the name Brevibacterium yomogidense sp. nov. is proposed. The type strain is MN-6-a T (5JCM 17779 T 5DSM 24850 T ).
The genus Brevibacterium is the sole genus affiliated with the family Brevibacteriaceae of the phylum Actinobacteria. Although the genus Brevibacterium is positioned under the phylum Actinobacteria, cells of member of the genus Brevibacterium are single rods that are different from typical actinomycetes organisms with fungal-like morphology. Strains of species of the genus Brevibacterium have been isolated from various habitats, such as paintings (Heyrman et al., 2004) , brown alga (Ivanova et al., 2004) , deep-sea sediment (Bhadra et al., 2008) , seawater (Lee, 2008) , soil (Tang et al., 2008) , moth caterpillars (Kati et al., 2010) and an indoor wall (Kämpfer et al., 2010) . Here, we report the taxonomic study of a novel strain of the genus Brevibacterium obtained from a soil conditioner made from poultry manure in Japan.
The soil conditioner was produced and kindly provided by Sakamoto Youkei Co., Ltd, a poultry farming company, located in Yomogida Village, Aomori Prefecture, Japan. Samples (1 g) of the soil conditioner were suspended in 9.0 ml of sterilized water and serially diluted 10-fold in water. Aliquots of diluents (1 ml) were mixed with 10 ml pre-melted isolation medium (45 u C) and poured onto sterilized plastic plates. The agar plates were incubated at 30 u C for 7 days. The isolation medium consisted of 0.025 % peptone, 0.05 % yeast extract, 0.05 % glucose, 0.003 % MgSO 4 . 7H 2 O, 0.00035 % CaCl 2 . 2H 2 O, 0.01 % cycloheximide and 1.5 % agar. Colonies formed on the plates were transferred to the same medium and then purified. Among the isolates, a Gram-stain-positive rod-shaped bacterium, designated strain MN-6-a T , was selected for the description as a novel species. TSA (Difco) was used for cultivation, maintenance and morphological studies unless otherwise stated. Cultivation was performed at 30 u C. Cell morphology was observed by optical microscopy (Olympus). The absence of flagella was confirmed by transmission electron microscopy (JEM2000EX; JEOL) as described previously (Kitamura et al., 2011) . Growth was tested at various temperatures (4, 10, 15, 20, 25, 30, 37, 40 and 45 u C). The pH range for growth was determined using ISP 2 medium adjusted to pH between 5.0 and 11.0 in increments of pH 0.5. NaCl tolerance was determined using ISP 2 medium containing 0 %-20 % NaCl in increments of 1.0 %. Yeast Nitrogen Base (Difco) agar slants (pH 7.0) supplemented with 0.1 % yeast extract were used as the medium for the determination of growth substrates; separately sterilized substrates were added to the sterilized medium to final concentrations of 1.0 %, except sodium salts of organic acids (0.1 %), before making the slants. The following substrates were used: D-fructose, D-galactose, D-glucose, D-mannose, Lrhamnose, L-sorbose, D-arabinose, L-arabinose, D-ribose, D-xylose, D-cellobiose, D-lactose, D-maltose, D-melibiose, D-sucrose, D-trehalose, D-melezitose, D-raffinose, inulin, soluble starch, starch, D-mannitol, D-sorbitol, myo-inositol, ribitol, xylitol, glycerol, D-salicin, citrate, pyruvate, lactate, propionate and acetate. Carbon source utilization tests were also carried out using GP2 MicroPlates of the Microlog system (Biolog), but clear results could not be obtained. Gram staining was performed using a Favour Nissui G kit (Nissui Pharmaceutical). Oxidase activity was tested with Oxidase identification sticks (Oxoid). Catalase IP: 54.70.40.11
On: Thu, 27 Dec 2018 03:37:35 activity was determined by bubble production in 3 % H 2 O 2 . Hydrolysis of casein, starch, DNA, Tween 20 and Tween 80, nitrate reduction, indole production, H 2 S production, the Methyl red test and the Voges-Proskauer test were conducted according to standard methods (Smibert & Krieg, 1994) . Some biochemical properties were determined with API CORYNE and API ZYM strips (bioMérieux), for which the 3-day cultures grown on TSA II (Difco) were used; the results were read after 48 h incubation. Susceptibility to antibiotics was determined using Sensi-Disc Susceptibility Test Discs (BBL) according to the manufacturer's instructions. These results are given in the species description and partly in Table 1 .
For chemotaxonomic analyses, lyophilized cells harvested from the stationary-phase culture grown for 4 days at 30 u C in TSB (Difco) with reciprocal shaking at 100 r.p.m. were used. Cellular fatty acids were prepared according to the method of Miller (1982) and were analysed by GC (Miller, 1982) . The fatty acids were identified with the Sherlock Microbial Identification System (MIDI). The absence of mycolic acids was confirmed by TLC as described by Minnikin et al. (1980) . Menaquinones were prepared according to Nishijima et al. (1997) and separated by HPLC (Kroppenstedt, 1982) . Diaminopimelic acid was prepared and analysed by TLC on cellulose according to the method described by Staneck & Roberts (1974) . Polar lipids were extracted and determined by two-dimensional TLC on silica gel as described by Minnikin et al. (1984) . Cell-wall sugars in whole-cell hydrolysates were determined according to Hasegawa et al. (1983) . The results of the chemotaxonomic study are presented in Fig. 1, Table 2 , in the species description and partly in Table 1 . The major fatty acids were anteiso-C 15 : 0 (45.8 %), anteiso-C 17 : 0 (20.2 %), iso-C 15 : 0 (15.9 %) and iso-C 16 : 0 (8.0 %).
DNA was extracted by the method of Marmur (1961) . The 16S rRNA gene was amplified by PCR from the purified genomic DNA using the primer pair 9F (59-GAGTTT-GATCCTGGCTCAG-39) and 1510R (59-GGCTACCTTG-TTACGA-39). The nucleotide sequence of the amplified 16S rRNA gene was determined on a 3500 Genetic Analyzer (Applied Biosystems) and deposited in the DNA Data Bank of Japan (DDBJ) under the accession number AB609748. The phylogenetic position of strain MN-6-a T within the genus Brevibacterium was determined based on the 16S rRNA gene sequences using the MEGA4 program (Tamura et al., 2007) . Evolutionary distances were calculated using the Jukes-Cantor algorithm (Jukes & Cantor, 1969) and bootstrapped phylogenetic trees (based on 1000 resamplings) were constructed using the neighbour-joining algorithm (Saitou & Nei, 1987) and maximum-likelihood algorithm with the MEGA4 program. The G+C mol% content of genomic DNA was determined by HPLC using a Yamasa GC kit. DNA-DNA hybridization experiments Table 1 . Differentiating characteristics of strain MN-6-a T and its nearest phylogenetic neighbour Taxa: 1, strain MN-6-a T ; 2, B. salitolerans TRM415 T .
Characteristic 1 2
Rod-coccus cycle were conducted according to the method of Ezaki et al. (1989) , as modified by Dianou et al. (2001) .
Strain MN-6-a T shared common characteristics with recognized species of the genus Brevibacterium, i.e. Gramstain-positive rods, non-spore-forming, aerobic, catalasepositive, oxidase-negative, non-motile, rod-coccus cycle, Vform arrangement and high G+C content of genomic DNA. The API CORYNE system (see species description), with a numerical profile of 7102004 as interpreted by API Web system (bioMérieux), identified strain MN-6-a T as a member of the genus Brevibacterium. Furthermore, typical of recognized Brevibacterium species, strain MN-6-a T had anteiso-C 15 : 0 and anteiso-C 17 : 0 as the major fatty acids ( Table 2 ). On the basis of the fatty acid profile of strain MN-6-a T (Table 2) , the MIDI Sherlock system using the TSBA 40 database identified the strain MN-6-a T as Brevibacterium mcbrellneri with a low similarity index of 0.492. Consistent with the phenotypic and chemotaxonomic characteristics, the neighbour-joining phylogenetic tree based on the 16S rRNA gene sequences (Fig. 2) indicated that strain MN-6-a T was a member of the genus Brevibacterium and was closely related to Brevibacterium album YIM 90718 T (Tang et al., 2008) , Brevibacterium massiliense 5401308 T (Roux & Raoult, 2009 ), Brevibacterium salitolerans TRM415 T (Guan et al., 2010) and Brevibacterium pityocampae Tp12 T (Kati et al., 2010) , which were clustered with strain MN-6-a T under the same node in the tree with a high bootstrap value (93 %). This branching pattern was also supported by the tree constructed with the maximum-likelihood algorithm. Strain MN-6-a T had the highest 16S rRNA gene sequence similarity (97.1 %) with B. salitolerans TRM415 T : the value was slightly higher than that of the criterion used for bacterial species delineation. If the 16S rRNA gene sequence similarity between two bacterial strains is ,97 %, these strains are considered to represent separate species (Stackebrandt & Goebel, 1994) . To confirm the phylogenetic distinction between strain MN-6-a T and B. salitolerans TRM415 T , DNA-DNA hybridization experiments were performed. The DNA-DNA hybridization value between strain MN-6-a T and B. salitolerans TRM415 T was 10.2 %, which was below the cutoff point (70 %) for species delineation (Wayne et al., 1987) , indicating that these two strains belong to separate species. Strain MN-6-a T was also morphologically, physiologically and biochemically distinct from B. salitolerans TRM415 T as summarized in Table 1 . For instance, strain MN-6-a T was able to grow at 4 u C and hence can be described as psychrotolerant by the definition of Eddy (1960) , while B. salitolerans TRM415 T cannot. The proportions of fatty acids of strain MN-6-a T differed slightly from those of B. salitolerans TRM415 T (Table 2) . Considering these results, we propose a novel species within the genus Brevibacterium, with the name Brevibacterium yomogidense sp. nov. and the type strain MN-6-a T (5JCM 17779 T 5DSM 24850 T ).
Description of Brevibacterium yomogidense sp. nov. Cells are Gram-staining positive, aerobic, non-motile, rods. Cells are 0.7-0.8 mm in width and 1.5-2.0 mm in length. Coccoidal rod-shaped cells (0.7 mm in width and 0.8-0.9 mm in length) appear in aged cultures, but they are much fewer in number than rod-shaped cells. The V-form arrangement with two cells is frequently observed. No flagella are found with observations by electron microscopy. Two-day-old colonies on TSA are 0.8-1.0 mm in diameter, circular, smooth and convex with entire margins. The colonies are pale yellow. The temperature range for growth is 4 u C-37 u C, with an optimum at 30 u C. The pH range for growth is 6.5-10.5 with an optimum of 8.0-9.0. The range of NaCl concentrations for growth is 0 %-17 %, with an optimum at 1 %-2 %. Catalase-positive and oxidase-negative. Tests for casein hydrolysis and nitrate reduction are positive. Starch hydrolysis, DNA hydrolysis, Tween 20 and Tween 80 hydrolysis, indole production, H 2 S production, methyl red test and the Voges-Proskauer test are negative.
The following compounds are used as growth substrates: Dglucose, D-fructose, D-mannose, L-sorbose, D-xylose, Dribose, D-arabinose, L-arabinose (weak), D-maltose (weak), D-cellobiose (weak), D-trehalose (weak), citrate, pyruvate, lactate, propionate and acetate. D-Galactose, L-rhamnose, Dlactose, D-melibiose, D-sucrose, D-melezitose, D-raffinose, inulin, starch, soluble starch, D-sorbitol, D-mannitol, xylitol, ribitol, myo-inositol, glycerol and D-salicin do not support growth. On the API CORYNE system, tests for nitrate reduction, pyrazinamidase, pyrrolidonyl arylamidase, alkaline phosphatase, gelatin hydrolysis and catalase are positive. Tests for b-glucuronidase, b-galactosidase, a-glucosidase, Nacetyl-b-glucosaminidase, b-glucosidase, urease and fermentation of D-glucose, D-ribose, D-xylose, D-mannose, Dmaltose, D-lactose, D-sucrose and glycogen are negative. Using the API ZYM system, tests for alkaline phosphatase, esterase C4, esterase lipase C8, leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase are positive. Tests for lipase C14, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, bgalactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase are negative. Susceptible to kanamycin (30 mg), tobramycin (10 mg), streptomycin (10 mg), chloramphenicol (30 mg), rifampicin (5 mg), cefoxitin (30 mg), cefotaxime (30 mg), novobiocin (30 mg), ampicillin (10 mg), carbenicillin (100 mg), polymyxin B (300 U), erythromycin (15 mg); resistant to sulfisoxazole (250 mg), nalidixic acid (30 mg) and trimethoprim-sulfamethoxazole (1.25-23.75 mg). The cell wall diamino acid is meso-diaminopimelic acid. Mycolic acids are absent. The cell wall contains galactose and xylose. The major polar lipid is phosphatidylglycerol. Other minor polar lipids are one unidentified polar lipid, six unidentified phospholipids, two unidentified glycolipids and three unidentified aminolipids. The major menaquinones are MK-7(H 2 ) and MK-8(H 2 ). The major fatty acids are anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 15 : 0 and iso-C 16 : 0 .
The type strain, MN-6-a T (5JCM 17779 T 5DSM 24850 T ), was isolated from a soil conditioner made from poultry manure in Yomogida Village, Aomori, Japan. The DNA G+C content is 67.4 mol%.
